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1. Motivation



Dec 1997 - Jan 1998: Lake-Induced Convection Experiment (Lake-ICE)
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University of Wisconsin Volume Imaging Lidar Observations
courtesy Dr. Edwin Eloranta



Dec 1997 - Jan 1998: Lake-Induced Convection Experiment (Lake-ICE)
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University of Wisconsin Volume Imaging Lidar Observations
courtesy Dr. Edwin Eloranta
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e Vector flow fields

e Boundary layer depth

e Entrainment zone structure
e Coherent eddy structure

e Eddy lifetime

e Gravity wave activity

e Model verification
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Spuler, S. M. and S. D. Mayor, 2007: Raman shifter optimized for lidar at 1.5 microns,

Appl. Optics, 46, 2990-2995.




Optical region of the electromagnetic spectrum
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RETINAL HAZARD INSUFFICIENT
~ DETECTOR
MOLECULAR SCATTERING PERFORMANCE

REAL operates at 1.5 microns

* Invisible beam

» Maximum eye-safety

« Low molecular scattering

» Good performance photodetectors
* Low sky background radiation

« Atmospheric transparency

» Use telecom optics & components




2. Engineering Challenges




Off-the-shelf InGaAs APD Custom Focusing Lens

200-micron active area of photodetector drives the design...



Wavelength conversion from 1.064 to 1.543 microns:
Stimulated Raman Scattering in CH,

Key Features
e multi-pass
e CH, circulation
e coating-free
e injection seeding
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Mayor, S. D. and S. M. Spuler, 2004: Raman-shifted Eye-safe Aerosol Lidar,
Applied Optics, 43, 3915-3924.
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Warner, T., et al., 2007: The Pentagon Shield Field Program — Toward Critical
Infrastructure Protection. Bull. Amer. Met. Soc., 88, 167-176.




Poor-man’s “lightweight” beam-steering unit mirrors
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(40 x 60 cm)

Requirement: 10 waves over full aperture

Result: Adequate flatness

Weight: 14 kg (25% of traditional solution)

Spuler, S. M. and S. D. Mayor, 2005: Scanning Eye-safe Elastic Backscatter
Lidar at 1.54 microns, J. Atmos. Ocean. Technol., 22, 696-703.
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Unfiltered High-pass median filtered

Horizontal scan, 44 minutes duration
5.5 km range total, 500 meter range rings



Dugway Proving Ground, Utah, June 2005
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Mayor, S. D., S. M. Spuler, B. M. Morley, E. Loew, 2007: Polarization lidar at 1.54-microns
and observations of plumes from aerosol generators. Opt. Eng., 46, 096201.
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3. Observations




Terrain-induced Rotors Experiment (T-REX) : March and Ap

SR

ril 2006.

» | g

I’
R e 7 ©2006 Europa Tech
| —— \“ wASEHE Image © 2006 Terra

Pointer 36°50'22.48° N/ 118°12'17.32" W. Streaming ||




Results from T-REX
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T-REX: 2 March 2006
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Weissmann, 2009: Observations and numerical simulations of subrotor vortices during T-REX. J.
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De Wekker, S. F. J. and S. D. Mayor, 2009: Observations of atmospheric structure and dynamics in the
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Canopy Horizontal Array Turbulence Study (CHATS)
15 March — 11 June 2007, Dixon, California
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Canopy Horizontal Array Turbulence Study (CHATS)
15 March — 11 June 2007, Dixon, California




CHATS, 15 March — 11 June 2007, Dixon CA




21 March 2007: 04:12 — 6:35 UTC
(7:12 PM to 11:35 PM PDT ) (Sunset: 7:20 PDT )
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21 March 2007: 04:12 — 6:35 UTC
(7:12 PM to 11:35 PM PDT ) (Sunset: 7:20 PDT )

NCAR, REAL 21 Mar 2007 05:58:21 U

2 hours 23 minutes duration
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. WIND DIRECTION (DEG)

22:15:19 22:45:19 251519 25:45:19

z/L at 12.5 m changing rapidly from z/L at 12.5 m changing more slowly from

-2.0 (strongly unstable) to -0.6 (unstable) -0.5 (unstable) to -0.2 (weakly unstable)




REAL at CHATS: 22:00 UTC 26 April —00:00 UTC 27 April
Sea-breeze Front (Delta Breeze front)

® 2-hour time-lapse animation, 500 m range rings
e 3.5 dB change in backscatter intensity
e Average frontal speed: 5.8 km / 51 minutes = 1.9 m/s
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Temperature Relative Humidity
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Future

Algorithm development:
— vector flow fields

— boundary layer height

— aerosol plume boundaries

Improve understanding of lidar sensitivity to particles

Estimate aerosol optical depth using multi-angle
technique

Deploy again to study Delta Breeze Fronts



REAL is field-transportable and available for use.



Thank you!

For more information: http://phys.csuchico.edu/lidar

Taken from the Chico State Farm at Sunset. January, 2009



